biocide concentrations were below detection limits in urban receiving streams, whereas 139 high concentrations were detected in stormwater runoff. Biocide that does not enter the 140 soil is transported over impervious surfaces with runoff, where it is considered as com-
141
pletely mixed with stormwater. This runoff water can either reach the sewer network
142
(and hence the WWTP) or the river system (for an urban area equipped with a partially 143 separated sewer system), as is calculated in the hydrological sub-model. In our model 144 application, we consider biocide data for a river, not a WWTP.
145
The solute mass flux emitted by building facades,ṁ f ac , is thus reduced as follows:
where k isd is the scaling factor accounting for the partitioning of runoff from facades, and 146 p hyb is the proportion of stormwater flow diverted to the river (i.e., 1 − p hyb is diverted to 147 the WWTP). In fact, when modeling a river basin including an urban area equipped with 148 a partially separated sewer system (hybrid, hyb), a fraction of stormwater, and therefore 149 of biocide, is diverted to the WWTP through the pipe system. The mass flux from facades 150 that enters the overland flow is denoted byṁ in . Note that k isd ≥ 1 and 0 ≤ p hyb ≤ 1. 
Biocide Transport
The residual mass flow rate available for transport,ṁ in , enters the surface hydrologic reservoir, which is considered to be a completely mixed linear reactor with two dynamic variables, biocide mass, m, and water volume, S s . The rate of change of pollutant mass in this one-compartment model is given by:
The biocide flux out of the surface reservoir is given byṁ out in equation 2. here) were tested with no changes observed in the results.
157
The biocide concentration of at the outlet of the watershed, C out , is given by:
where Q tot = Q sup + Q sub is the total hydrological response of the catchment.
159
The procedure leading to the construction of the integrated water quantity and quality 160 model is summarized in Figure 2 . The biocide mass flux from the upscaled facade-leaching 161 sub-model is transferred to the transport sub-model. This biocide flux from the basin's fa-
162
cades is reduced by a certain factor (p hyb /k isd ) to account for different removal phenomena, 163 as described previously. In summary, the contaminant compartment receives the residual 164 biocide flux, which is mixed with surface water to create a bi-variable compartment-model.
165
The biocide discharged is further diluted by the stream flow. 
Calibration Procedure
prediction was estimated using the Nash-Sutcliffe (NS, optimal value of one) and the
170
Normal-Bias (NB, optimal value of 0) coefficients. The optimization used [Hingray et al., 171 2009]:
This multicriteria calibration procedure is recommended for better comprehension of the 173 model performance [Hingray et al., 2009] . Note that the hydrological model was calibrated
174
separately in another study [Coutu et al., 2012b] . Separation of the hydrological and water 175 quality calibrations is warranted in order to obtain satisfactory concentration simulations 176 without impacting on the water discharge predictions [Kirchner , 2006] . The model was applied to a meso-γ scale system [Orlanski , 1975] , the Vuachère river [Blocken and Carmeliet, 2004; Abuku et al., 2009; Coutu et al., 2012a] are protected in
198
any given rain event.
199
Taking these factors into account, the facade surface area exposed to leaching in the 
Experimental Data at the Vuachère River Outlet
Water quantity and quality data were collected at the outlet of the Vuachère basin. Figure 5 shows the comparison between measured and simulated discharges during the 219 sampling period. This hydrograph was discussed by Coutu et al. [2012b] , where the 220 hydrological model ( §2.1) was presented and validated. We do not repeat that discussion
Results and Discussion

Hydrographs and Pollutographs
221
here, but simply show the hydrograph as it is essential to prediction of the pollutograph. We see in Figure 6 that the response time of the pollutograph is a few hours whereas 229 half-lives of the considered substances are in the range of several days (Table 1) , which 230 is consistent with our assumption that no degradation occurs during the runoff process.
231
The data indicate that the biocide concentration increases rapidly after the rain starts,
232
behavior that is reproduced by the model. However, due to the fact that the program-233 ming of the sampling device was recorded to take samples after a certain water level was 234 exceeded, the decay of biocide concentrations was only partially recorded. 
Risk Analysis
To analyze the environmental risk of computed biocide loads, a statistical analysis of The calibrated model occasionally underpredicted measured concentrations, sometimes 306 by a factor of two. In consequence, a safety factor of two may be applied to the modelling Table 1 . Characteristics of the most common biocides found in surface waters [Wittmer and Burkhardt, 2009; Wittmer et al., 2010 Wittmer et al., , 2011a . Table 2 . Definitions of the different symbols used in this study.
Symbol
Definition Dimension Some biocide is diverted out of the river catchment through the combined sewer system (a fraction 1 − p hyb ) and some is lost due infiltration/sorption/degradation (a fraction on Figure 6 ) for carbendazim.
